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Answer all questions
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A data sheet and a periodic table are attached
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QUESTION 1 [25 MARKS]

a) A particle is moving in one dimension between x = 1cm and x = 2cm. the

potential is such that the particle cannot be found outside these limits and the

wave function in beiween is w = B/x
).  Find the normalization constant [5]
ii}.  Calculate the average value of x [5]

b) Which of the following functions below are eigenfunctions of the operator d?/dx??

For each eigenfunction give the eigenvalue.

). expl{ikx)
i), 6cos(4x)
i), expl-ax?)
iv). I¢ [5]

¢) the x component of angular momentum of an orbiting electron is Ly =zpy — Xp..

"

i}.  Find the quantum mechanical operator L, [2]

ii).  Evaluate the following commutator: {Y’R"J [3]
d) For a particle in a box whose ends are at x = 0 and x = 0.4000nm, calculate the
probability that the particle’s x coordinate is between 0.16000 and 0.16001nm if

n=1 ‘ [5]

QUESTION 2 [25 MARKS]

Given that a particle in a one dimensional box has the wavefunctionn

L
Y =(-2~)2 sin(ﬂj, n=1,2,3... for O<x<L
L L

a) Derive the expression for the energy of the particle [7]
b) If the particle was now confined in a 3 dimensional cubic box, what would be the

energy expression? [4]




c) If now the cubical box has dimensions Ly =l =|_,/3, what would be the energy
when
). nmk=1,n=2n=2
i), nk=1,n=1,n,=4

What values of ny, ny, and n, would make the two energy levels degenerate?[7]

d) .
).  Distinguish between the terms “state” and "energy level” of a system.
i).  For a particle in a cubic box of edge L, how many states have the energies
in the range 0 to 20h%/(8mL?%)?

i) How many energy levels lie in this range? (7]

QUESTION 3 (25 MARKS)

a) How did the study of heat capacity of metals consolidate the Plank’s hypothesis

that energy is quantized? (8]

).  Write down the expression for a one dimensional harmonic oscillator,
defining all terms. [3]

ii).  Assuming the vibrations of *Na molecule are equivalent to those of a
harmonic oscillator with a force constant k =2293.8 N/m, what is the zero
point energy of the vibrations of this molecule. (the mass of the nitrogen
molecule is 14.004u) 7]

¢) The rotation of H'27| molecule can be pictured as the orbital motion of an H atom
at a distance 0.160 nm from a stationary iodine atom. Suppose the molecule
rotates only in one plane.

). Calculate the energy needed to excite the molecule into rotation 4]

i).  What is the minimum non-zero angular momentum of the molecule?

(3]
Toial Marks [75/




iseful Integrals

1. [x2e ™ dx = ?

Y
C fxfe™ dx =0
n,—ax _ .
e dx = =

2
3
4. [ sinddf = —cos6 + constant
5
6

. dt = r*sinfdrdfBd¢
[ xMdx =
2

7. fozn cos*@sinfdd = -

n+—1

a1




General data and fundamental constants

Quantity

speed of light
‘Elementary charge
Faraday constant
Boltzmann copstant
(as constant

- Planck constant

Avogadro constant
Atomic mass unit
Mass
electron
proton
neutron
Yacuum permittivity

Vacuum permeability

Magneton
Bohr

nuclear |
gvalue -

. ~ Bohr radins -

" Fine-structure cdnstaﬁf .

.~. . Rydberg copstant

Standard acccleraﬁdﬁ
- of fiee fall
Gravitational constant .

Conversion factors

1cal =

Tev = -

Prefiges ¢

femto pico.
10

10-]5

4184 jonles ()
1602 2K 10T

Symbol

Hy = el/2m,

Uy = eh2m,
Fa .
a, = dyee N/m e

) a=p.e’c/2h
Ra=me"/8h'cs?

E
G

1 erg

n i m -
micro il
106° 108 107

nano

1 eV/molecule

Value

29597524 58 X 10 m 51 .
1602 177X 10" C
9.6485 X 10° C mol?
1.380 66 X 10 T K
8314 51 T moit

- 8.205 78 X 107 dr’ atrm K rpol!

62364 X 10 L Torr K™ ol
6.626 08 X 10™ ] s

1.054 57 X 10% T s

C6.022 14 X 10 mol™
1.660 54 X 10" Kg

£ 8,109 39 X 10 Xg

L67262X 107 Kg.
1674 93 X 109 Kg - _
8.85419 X 10 - 2yt
1112 65 X 107 1" C* !
dn X107 T2 Cl gt

4 X 107 T2 7

9.274 02 X 10 J T
5.050 79 X107 5T
2.002 32

529177 X 10" m.

- 729735 X 107

1.097 37X 10" m!

8.806 65 m s?
6.672 59 X 107" N mm? K g™

= IX1071 .
= 96 485 kT mol™"
c a k .M G
cent: kilo
0% 107 1° 10¢ 1¢°

mega giga
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